A47k5d 2t oA )
OUIR]-E WA FAollA] ulEs) ske] W) Ao gl oI

7 5 e

oliix|e} B2 A= s #-EEo] 9Jon o|F duA|-& A 2y(Energy-water nexus)zk
ok 713Wsl 7Sl AAARE oilgt AY AETEsd o8 AEEHE AR
AR oA A Fo JH TG o] 87FsAS FF oSt ZloE At o] AT
= olgigt Al g t-g B8AFE Ak dUA-E A28 NdE Aelsta, JUA-E
Yxzol B AwAo tigsial e v=e WA s s AuEy Suyt
AL AREoEM U oUAl-E YA B t$Fel TARS st AAEREE A
QFstSAct.

AT Bof S YA RS el G QU LT gl AL Y
3

N

i) 6 Aolch A% AR o8 ool S sl Heh EHHOE 390, o
UASh A4S Boh BRAIT AR PA0E B 2 ol e T A 4
Bojeo] W3k Aol WP  UES shok s A ARo] A4 Ho] of olgrol tht
@A) oz 3] 4l d B4 9 BA elg we] Las

FAoL: 71318, & 0187k A, cuAl= M, duA-E B, ALrkse Al

DOI: 10.18215/envlp.16..201602.101

* o] =R 2013WE A S AYoZ AT AE] R YE Hlo} 3
(NRF-2013S1A3A2054969)

* AM N WeATY AT 2F, hanakim0729@gmail.com
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- AE
o A= A2

I

I

ML oluA-2 Hi2 Bl wie] W ga
v .

5 tg
B [ EE R A R E R XY
v. Az

Aol lom o]zjgh oo} & A Atolo] FTAWRE F2 FTEAL ol
U A]-E 9 A2 (Energy-Water Nexus)’ 2t E7IT}3
AFS7Ee} AAZZoZ It & 48 J7E & 42 Hofl tigh 7ulgFo]
ofA WA FF = FaE VIS ASE AWHET E=3 A5V AALES
SHEE AdUA 8 SVPF E T8 SUHE 2 Z0E - ox4

2 8RIER QEM & F8ve woRARL =9 ol87leAdS 71FHsE A
=)

oo & bl

o
of U
=
o2
it
ul
o
v
e
o,
oo
N
Nk
off
e
¥
_|>i
(o
o2
lo
2
LA
lo
=2
vs
A
>
[
ol
lo
2
M
b
=2

ore oA AY ES FAe olgrbsAel YT WA & ok

oMY o7 gcleg 3 A o] 8T7FeA Bt AldEHAL o] E3 oA

-

D HAg “Fdx, U AR F= A A ASFS AW, 2015 http://www.asiae.co.kr/
news/view.htm?idxno=2015102808135649039 (2015.11.30.)

) dsd, «HY U S A A AdFT.. B EAY ¥ JHs HA, 2015
http://www.hankyung.com/news/app/newsview.php?aid=2015102750691 (2015.11.30.)

3) Energy-water nexust= TUAA ANUA-&E FEAA, AURA-F A, oUA-&F A 52
2 HYEo] ARHI ok B =RoAE d=olE WY xdEe] opFe U =4
=9 AHAL olgoll & =] HA et A4E] AUA-E YM2E Iz AR

skt
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A 2=Elol] o}gEFS mA Zom dqAEUEA B AL7sd A 2 odyA At
Ao #g o] &5 il AUA-E YAz ik #alo] mokAAL T I A7
T ARl e o] ZAlel thal] oJUMEEE 7HA 1L Ao g tfgsta Utk
N2 =3 o= Atole] g AAE FEo&E8s Asta 2 2 94
/\Vq w4 EAlol #3F UN W 74 3F 24 WAYES UN Waters H3,
Uz Asks 9% Eo] &80 o8& 7Fx3a th United Nations World
Water Assessment Programme UNESCO$&| wojdtil X3t Z2 g o7 o|&
3l UN Waterell Fdstal Q= Fxet stEUEo] 34 AlA & /I BiA
(World Water Development Report)E 2Hd 2 &31slal QIths) wl=oA s oA
-= YA zo] gk 142 BE e A =Y7ERA] olojHeT “Huh a&3Fo|a
AN E7 w1 AL7bse duyAet AR = A FEs sl oluAR
(Department of Energy)e] 77145 Z2ORA & JUErF IHIES B
sl ouA] 2 E A7 5 H(Energy and Water Research Integration Act)©]
ol o} ofFjof| A =oEa JT).

Il = Z-ol|A] Aol FAlo] Foba Utk 20151 A|72k 735
AA & EHoA= oUA-& WA 27E F55E shE AQkE I oH, 2014
AFEHAAE AL7ss DS A &, A%, dyAd 7Ez H2o] ofd
T Ao daAdd o]l mopmth 20159 10¥€9li= Water-Energy-Food
Nexus International Conference’} /W& =7]% S} T

2 dqe ALY duA Ade A&7bse o] &5 S8l o 7 A Aol
83 Aeddds At Axedo= figstal e v=o HA-ZH7 dAZ
< AVRI Jye oS S B4 ol uReE WA AAAH AAS Al
A4 ek oAU A &} A Abele] X1-E3E AAlE oUA] AHlx I
= FFol 2nEE Jdux ZHAA =oFr|x gt}
ANUA-E YM2E FE AUA AR Fgol o]&HE &9 SHoA
o 248 flsl o Zo] st ek I A2 AUA-E da X
s A Adeta M &2 ovA|-& Xt #ds] vl=o] HA-ZH
AEsI IV e wUe] dyA - = dx2~ A HA-AZAH HES

o
-

A oH o M

LT
2 lo
.llN'
0 )
t
fr

°

=

o o J

T (O o /R o 11
o =2

)

4 UN Water, Water and Energy, 2014 http://www.unwater.org/topics/water-and-energy/en/
(2015.10.30.)

5 20143 A1133] oo FAHJ o HEZ AAHAAE AT
(https://www.govtrack.us/congress/bills/113/hr5189 (2015.10.22.)).
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E3) o] ¥ Aue] 4ol EAo]
A=A, oUIA-E Lw ~8 134

al
Ao A UES vig ofUAAl-& dAixe] argfe] o
2 Ads}taz} st

. ov#]-& A2 (Energy-Water Nexus)

1. oz]-&E dA2e] g

AU} B2 AR 13 AuaA Aok &S FHAFHAAA Hstn At
3 2u|AA wigstal AR =S T FASEL AP A FEE SR
v 9Ho] HAFoA oHATE Basith ojw AM|EE oyXe] ¢ U]
Ag E= e ol FA AP 34 Tl &It HEdA olgEHE =
o] FR(EF, 28717F 49 E(brackish), A, #AF 59 Ex374E B F
A D)ol wet &HlEE AUAGE E aolE Holn 53] dio] =3d =
Al s AASHE F3Hdesalination)= 7Hg o] oAl W o] shtolt
o] Yo F9f FHFAH] AN E& H¢AY wHE T o AuA|7E AR
t}.6)

W2 &RAA] | A Mul2E AlFstr] Sl d|A Abde AFskal o]
£ A 3 "ests AR o] AHET) 13 od|A] At Al dE S0

6) IEA, Water for Energy Is energy becoming a thirstier resource? Excerpt from the World
Energy Outlook, 2012, 49,

7 B =EollAes & 4AFl(consumption) TAlel] o] &(use)olEt= &A1& ARSI Tt oY
A-& Yrx FH EFELS FH < (withdrawal)9} AHl(consumption)®] F 7FA] 7/lEd&
2okl Aok F HollA Q1Zke] E5S 93] HeH Eo *& *H]L HTd =
bl Solu AEY AS 2 AF AR AF Y FhRE FHoE HET
B £ Qe B &S u|stIEA, $1e] A, 2012; Jordan Macknick, Robin
Newmark, Garvin Heath, and KC Hallett, 4 Review of Operational Water
Consumption and Withdrawal Factors for Electricity Generating Technologies, National
Renewable Energy Laboratory, 2011). A<jol| me} HFaFe AvlgRT o B s 9

]°}“q AT 92014 T THET F AHIFHES 85%E FAHIF oY, AEEF
F2 A &7 F FAOQ 7EE& 2 %oH 10%E AHFE 7PT0}%E} B =EAAE

Sovacool and Sovacool(2009)2] AFANXAH FH4 L AH]9] foj& FESA ] i P_E]-

&3 o] g EE ARRolZte §olZ J1Esky 3tk 583 gl S

H 3
2= 2=
HTre T

L

L
.
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AQ7Ez AALA St S Ba) Be Bol olg¥E AW A AT 2
Aol Eol AT AR AZe| Ao Bo| Agsn Ame] HA B A

g EHAAANME Fo] AHEET. E =2 LA 2L oA AFIA A

W25 B AR ALEE e Wl e A Age] B2 olgathy 19
A 2 % Qo] olsh @& oA 49 he] WFH AL LA A

22 Faol o] 85e E9 ZSW(water for energy)ollX =o|E7| % st 8¢ Fol
2B = oA ZH(energy for water)ollA] =2]%7]% Jit} o]t ojA|9} &
ZAHd Abole] HAEAVAE FE o] F A AuoEAHL ouA-E YA~
(Energy-Water Nexus)’ 2t1l E3T}

[ZL™1] oA et 9] 45 A8

SRR Energy for Water
Energy for VWater
oA X| X} 2l & 7| £ 3%, H2|, v
i 5 g % 2% 0|80 e
s ol x|

-sEwnac 82 oo &

T -y

S - iE

S EEEELE T

;]

=} -

R SRR

- B Fof

Z4] : Nguyen©] 2015l 243 19 A
ol4x| 0| 8S Qe 2 YAt 20 I3

(1) 3= Arl2 F5 o8& =(Water for Energy)

ARZ oA Mulza FFo ol&xE E& AHRY 53] ¥ W dd
b e Eo] o] gHATh mFAAE P B E(F5)0] stEdHdA o]&E 1
th ool HE W & B ol &7H11.58% m/Y)o oF 38.2%° I FHH
oA TEFE o] &HE H(37.6%)HTF Be F=2t}9)

ok

Mo 32

2Hlg 1o o 2 iE]] A5E B9 &L ordnRids 9, TALTFed Aol
€ A3 EdAT A 2 FE(FHF),, THEFAEE- S5 ETA) 2014; Benjamin K.
Sovacool and Kelly E. Sovacool, “Preventing National Electricity-Water Crisis Areas in the
United States”, Columbia Journal of Environmental Law, Vol. 34, No. 2, 2009, 333-3939).

8 IEA, #1°] &, 2012, 59,
9) w)=FR] " ZA=(United States Geological Survey)s 5\ mith vj=r U] REHE(FF

o

—L
H,



1106 | 2280 HM H162(2016.2.28)

THy Evete] A9 20119 71E F 8ol &F 19549 m' F FHE&STH
484%= 7P Z WSS AASAL ALETTE oF 39.2%, THETTE F 12.0%E
ARG F SRR FR(FPNEEFE TS AT 2349 mo] oF
5.0%°l SiBRATHION o= Fu] W&o thE-Eol(58], hd LA sfigtrtel
AA B sz 2Deh] wEelth2) fEluehe dAREAAS A9
TR LN A dY F & AT 5801T m/d T 99% sl =
GHI Jor yrA 1%7t G 2EEo] v5EG H o] 8] k1)

A Az FFol Slo] & AR duAd, ME]E, ¥47E 5 oY
g 9o wel E AolE BAth4) ok AFT FAY uA Ao F o

faud

M, BB 1EY, FUPH, BYRE 1 u
IAE Ereta vk w3 o] Ruxe BEE & ol & FA ¥ Hrie AlFsith
2014 ke RuAe] wEW SEibdREe g ofgl vl W P<(saline
water) AREEH(1.829 m/Y)e] thEE(91%)S ARSI ti(Mally A. Maupin, Joan F.
Kenny, Susan S. Hutson, John K. Lovelace, Nancy L. Barber, and Kristin S. Linsey,
Estimated use of water in the United States in 2010: U.S. Geological Survey Circular
1405, 2014, 5693).
1) FERFY, SAZ Be =9 FA4, 2013, 242, 3361,
1) AZF A= sheEibd W8 o] &3 167¢molH, o] F siolgFe] 1662m o=
e
WES AT A AR ENE A, L B wEel iE sjdsE IF
A5 g HisPIRE Ay, IS AAYHY AT, 2013, 27
13) AR, TFAwFe] BT A, 2014, 352-3539.
1) gtedd e A AR ALoA AR dUAR B Yo =& #o FVIE e
| S712 BH¥E JAANA AZIE AstA "ok olwf g o] FVE WA=
W28 A TF(once-through)dZt W23} =Zhrecirculating) B2t ¥} A2y zhak2]
(dry cooling) 2. & F&& 4 et FFIZEALS FdolA FHed =0 #HEE T3
A <=3k8l B-47]|(steam condenser)ol|A 719 A& S5 O L 2EZ O
s FEHe WAgdoR sejuReln dubHoR ARGHE. o] WhgAE v
g0 2 #3gztolu AXWzhg2] vl £ FHeiFo]l @2 ©do] Ut Sovacool
& Sovacool(2009)2 HFE77]& % ol gsh= WA U EEHYIE AHAAT Ae
Ade = stk ST A¢ 1/gﬂ‘%}(tower)ﬂ\% W37+ E(pond) &
3l WAHAdA 7tdE S ‘&W °olE T HEav|E Ky Jzto)] ALl FHrE
e
u}

e

12

N

(]

e AAT dHH|go] HRIL JMEE =& *‘ffl“ JP‘“HH Eo] FHsl, & &M
AREAN Bk AAWRAe F71E WAE Q& didlel 3715 ol&dte W
Ao=w F ol&Fo] mle HAN EAlE Hl&o] =i ¥H &8s 11’3}/\]715 o]
Atk F, o] AAERA L E o]l&HFHL FY g YAR OE FHoEE AT o
O B2 Ad8E ARSI HUA (RS 58) o B2 371 =2 i’éﬂ’\e Hj SA|
1Al e F¥o] JHAEH FAEL, VIFHIEE AT AuA-AA™,, 2015,
371-37291; EIA, 29| 3, 2012; Union of Concerned Smentlsts, How it works: Water
for Power Plant Cooling, n.d. http://www.ucsusa.org/clean energy/our-energy-choices/

Fl

S

0 |

|
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A7 2 9 53 AHE AF FEE(upstream)o A= Eo] o] &HTH oUA] A=
| 7, AFEEE 357AE VE, uAZdSTY AAEH

EA, AL 9AF T TOdgE R0 oEHoln dibd o R HF A HAVIA=
Hl A3 9 Aol 7P A2 o] Eo] o] §5H&

HIAEA] dArtz=e] A9 3583 vE &
o

ro HAFe s Pl TEE Yo

B
o
X
=
Y
1o,
N
N
>
o
i

o
i
ol
Lo
Lo
1©
ol
o
ot
U-,gg
rSL‘
oo
=2
mlru
0

= = 43 H(hydraulic fracturing)S ©]&3] 7125 A4k Ul7]
ol 4R &5 o] &3t Auk A Ao WA WS FolEA AEs
= £

o

AsAL EAE Eol7] A Mg AHste 4YE Bo| olgHL oY 3
HARNT ulo]eARe] Aibelt WA e ol BasH o AgHE B
Fe B B4, 715, A FF, WAL £ S w2 ol B o
Bapgel Be AA AMEE vlol 03B B WAES o §Fo] Hu, ®
@ 71BN FESE wloledre e B o §Fo| 2 Wolthiy

@A 9FE AN 54 48 B A A4S B9 Fe Ans B4 e
9 gz gl el 2 AolE nolth ojelds e AR ¥ WA )% o
7 gAe Agsts A9olE AY wde] olgE Bel e zUHE WAL
eEs} ge Rl BT JEHoltt 2YNE WAL 2wt g A
0 He el BL ol§AME WAT F AW Wl Aol Je s B
e opel Bol @ashd Hoh FALARBIUGD B2, vlole, Me A,
A7z WA B9 A WA 25 L 8571 ASRTI0 Y 2R o)
AW FSAUAE o] &7 WA 7% vhe e ol o] ol§BTh B
dde £F Ade AHSE d ol o]gH, FHNA AoE aFe B

energy-and-water-use/water-energy-electricity-cooling-power-plant.html#. VIQbZnbhCUk
(2015.12.31.)).

IEA(2012) R3A Figure 1732 13} olUA] AYibol] Q3 B FHaF 2 o] &3S Ho
Zt AL 7k Ttoe Aatell= ek 102014 104218 9] We] =] o] &%= whd nf
ol AT At AlellE oF 103641 106E]E] Wele] Eo] o] &FTHIEA, ko] #,
2012, 7).

YA U Bl AREEHE B2 Y9 (raw water)E FHA(scale)o]Ht & A (sludge)2
¥z, Bz o] E2(corrosion) "‘% 947 f8 B 1=E A (A, o3,

15

N

16

=

B3, 7] 5) 54 200 29l sk Aednh
) ARG FFEA e AU e] ZHHA, FHARE A8H ARt o
we Be Aedth Jwy] WMol A3FHgAAe J1Fus Al S £

AT B e o)A 7)EWs AL 2L yiotolgt 3 4= gl
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o] A& Tol AFEFAIRE o] & FE LA AMEEHE d Bl
HH| gk Folth. Macknick et al.(2011)9] ®l=r W} 3tdbde] & o] &7 F4X|

TS VIEo 2 AuRd dxE BHE@EFYZEA)o] IMWhe] HEE AYAksE
= o 7P 2e E(167.88 m/MWh)S o]g3l HA7A Bk a7zl
MWh3 0.008m' o2 713 2& o] & AMgshs Zo® yehdth 94x8 o
T Yzhae mel O E o] 87 & AjolE R, YAR WAo® WZbels 0
Ao A Azt Mgk R o 2L 55 o8k Z0E YEETHIY

(2) & Avl2 FFol &vlE s oA (Energy for Water)

£ AR2 FFES Y8 2RE odUA YRS U Zo)
|A, T+ 2 ST
o] 9= 7§, &%, A5
22 AlFo] Hagh oA el FFS wHTh

5o A= &4 ARl Fgo o]&H oA o tig HEE 7|50
Z FHol A Fsioh 2002 #XFE vle A= A2 (Electric Power Research
Institute)®] BEIAE &5 w5 ARI27t vl=r A A9 o] 89 4% HAEE A
At FAsATE o3 HH AFso FAHZS B U APAF AFE
W2, 19 &4 T AN WY AR A wEba AP AdolstAl o
ERTE 2009 River Networke] A& 20073 7|02 &4 35 Avlxst &
dE A AvlEFe] var WA AY A6l oF 13%E AA s AS=E, 20114
Twomey2} Webber2] 97+ 21 HIF©] 200939 6.1%5 *Ash= HoZ 435}
Atk Y gH3] T ATE =3 B A o 20) v]5re] H Qo= of

fu
rO
o o
Wy
i
=
B
_}I‘_‘l
ojf L
4
N
o o
£
i)
E 4
i
|
=2
lo
i
2
o
o

18) Macknick et al., ¢kl =, 2011, 118, (Fa A5 A TGS Wgste] B715192)

19 EPRI®|] FA3E U 29 23t A8E o83 F431a, o] oA anjge &
W, HY Sl TREA gkew, vy el tigk dFolv s ke s
A gYth= SAI7F K Copeland Claudia,Energy-Water Nexus: The Water Sector’s
Energy Use, 2014, 2-8T),

200 Z&o] FPE AFEER, WA B2 AFe] 2 HFOE &5 AAFHOE xSt
(self-supplied water), ¥ FHFFZI 22 AP EEE &5 AAH R st o

o
W A7) ol SEAT AU el SMARY} olSHY. AR F7 RENE $Eo|
A ARE o) g3 B BB o Agsho ol HEol
R R e A E R I SRR
ola, §58 o83 WLE olgsl A

of ZFHA FUt. olgeE wEFE H A 4] T2l Sl At A=A

S
I
o
1 o
22
oo 1
of oot
"
%A
o
m.ﬂ
(o]
AL
ot
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UA AHlz R0l ol gHE B ZHe wul FAV 493 wse] AT, &
S oA O AuEE UA FHe] E AFE ok Ade ox7h Bk,
B B oUA anFe M HEE A4 T 89S oEdely) fE

o Aeg¥E=z Z ZolE Hol=d| 20119 TwomeyS} Webbere] 7o m=24
39 qUA-E e "HAkaF of At AHEglor, Agjx ol FHAY
o] Aee 7S oF 40 AEE ul§ 2 FXE BAY 53] AYxYol

BRI A &4 333 FHH 5L oA AH|FS San Joaquin Valleyoll A ©]
AHe g HAAYE J—]’ A9e GUEHA 28 FZd §ALE d B YA
7b &nlEE O ARle s stk

A ol UA-E HAsE AZE FAE ohith ol 1978e] HarteS}
El-Gasseir o|UA|st & Aole] A1AF oE4S Q43ta FF 139 o] §7bs
B H Aol @AV VIS W oA el Aokl @ S e AHs A
97 29} QRel WY, FAUe] BREd B, MHYAT J1F 5 oY aa
se 3 & 2o o A4 AE
Be o] JEe wEoE T 435
9 Aol olg7ksAel oluA A Fgel Yol vl Faw 8o F sl
o AR AL ede doltk TR AT FAUe] o 8715 o), 3l
TE7} ao] A PHOE AP B 4 Bk olg HEo] oux Fa FrhE
U £ Bh2 Qo Aol olesbe eleh SARD AgERA A
MUA-Z GHAE B ATAS HEH P APAERE 2 B4S B 9

o 2 AollMe 4 89lEo] AUA-E dx 2 v Gl el Hrp GAS

(

o oy
N
_ﬂ
R
_>‘i
o
o
)
o

|

F

i

(

O

(Copeland Claudia, $+¢] &, 2014, 39).

21) Copeland Claudia, 912} 2, 2014, 4.

22) John Harte and Mohamed El-Gasseir, “Energy and War”, Science, Vol. 199, No. 4329,
1978, 623-6349.
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(1) 71FH37t & o] 87FsA H AU|AA =R nA= IF

1) Z173A N7 oA|qA Alz='lel A= F&F

Stillwell(2013)2 717d3} FFAI2=H o] oA A|2=Hlo HX& FTTFS “E2 U
AECRE) U ANES) UF RAREA) B
FEFe AT A AFSATED) T UiqtR HEe] Ae 2

olf-Z WHo] AAsl=d 2012 FFE HEIEY 2lAY AT (Hurricane
Sandy)Z 7E-5(Nine Miles Point 1, N.Y.; Indian Point 3, Buchanan, N.Y)2}
A F%(Salem Unit 1, Hancocks Bridge, N.J.)ol &= T4 37171 AIHOZ
AR YR F& DRl BHs e 52 2 FA2 s 5Eo] W
A Atk 201513 1€ SA47E F9= 2l FAAF Indian Point®] 3 WA
% syt dvl & Fw A" wid AR BAHE= ARV S4sIE 3

t}29

_{

(e N

o “
$ BHALE Q

T3, M EEe uA Anlzel Bl N9A FFS A 53 B
Hopael Wrh WA Agehs wrae] A9 WG xdel 2 ojelgd

i,
2R
¥
_1% -
=9
T A
4
X0
2
o
iy
(LS
=y
[N
lo

o2
o
il
o
o
ojo

= U ]
2w St BREY L AT FHE BEA B o
o= 3

Frshs o] ErbsstAl He 2ol

o)
AR
S o HHE AHY JHEOR Wel 5907} wolAd Hul
o] GrobA A MY A4l wrolxA Hrk Ao A @ ol A

1% A%l ZHEoR Qs vttt Fob ozt F AN Qe T

d

23)  Ashlynn Suzanne Stillwell, Water Impacts on Thermoelectric Power Generation,
Dissertation, 2013.

24) Steven Mufson, 3 nuclear power reactors shut down during Hurricane Sandy, 2012,
https://www.washingtonpost.com/business/economy/3-nuclear-power-reactors-
shut-down-during-sandy/2012/10/30/7ddd3a94-22b6-11e2-8448-81b1ce7d6978 story.html
(2015.11.22.)

25 Scott Waldman, Cold weather triggers shutdown process at Indian Point, 2015,
http://www.capitalnewyork.com/article/albany/2015/01/8559857/cold-weather-triggers-shutdown-
process-indian-point (2015.11.22.)

26) Ashlynn Suzanne Stillwell, &2 3 2013, 16,
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A LS 20001 olPE ¢k 25% AE FoEYTE A E Yol oF Hul AT

& T MR AYez FEE Qe o] AYe] FEdAge HT 4

W B 9F 60% AE ST IR Ze RO AJEEL(H, dnith F9
l

= =2
Truckee River?] A7f%E 2HH AlA) A AAH Aejo]la e FHUA AHES

4 4 BT
2ol olelee AT Utk oHY JFRE AR AMe| sFE] Aokl HA|
9O Uobl A £a x2e ofegoE U o F A, wH W
A WA A 588 $557) 99 SHWLA MES BUoEA TN g
ARA & 5 Uk JhEelt EAsh Ze A AF AR olyel wa
a9 £gol AP 2L, WVAGFL FAATIAT HEe] AY Far Y%

s ot gae #9E A Xl 2 el Aok

olFd Thwo g Q% WHF-Fe) Fl= e et oloprirte] ofyTt. 2015
eyt SEAAE ST Theol AEEAL lH) HE =Tk dHleE
eretal HE 9 @] SeeaddS A A 3 A Gl A0
20159 1095 AAAEE 282

gt 7heol A&d Ast
oo

FF57E AR AR 2 HES AEF AT ol SHEe
2 % gEA we) Selsere o ¥, 2, 9, Bt 3 Bl g5
2o 2 GFS v Yok FEAGE o} AN, AN, FUAYGe] Fo

W= Ago] wlg ke AGolth)

27) 2014 ol@ ARl ThEo] Agxyo} o] YFS mXaL Urk HAr=s e Fekant
WArZFoh 2o 2o FE AlEHe AR 7He A3 s olEd e Ad
Fd % A&KHL glom ma gy 20149 ARG SAZ THEoR A
318 409 iz Faksta gk
Todd C. Frankel, Western drought steals clean energy along with fresh water at power
plants, 2015.
https://www.washingtonpost.com/national/at-hoover-dam-the-drought-is-stealing-clean-energy-
along-with-fresh-water/2015/04/26/8ce2740a-¢93d-11e4-9767-6276fc9b0ada_story.html
(2015.11.22.)
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£ Fh2 ABE5st FUEFY U Y =go] W)
N AYE, FEE, U AR F= A A AFF AW, 2015 http:/www.asiae.
r/news/view.htm?idxno=2015102808135649039 (2015.11.30.)

30) BrFaEd B B, #Al, T,
A o]
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19801 olHE 109 Ee] 7= 71AEY Rixet I M3ivtEe F7HEAE
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) 3, «Hot Zhw S A AA Adgr. & 2R 2L vbE WA, 2015

http://www.hankyung.com/news/app/newsview.php?aid=2015102750691 (2015.11.30.)

A Z THGulf of Mexico)ollX HAIE AFo] &5 FEUYL Io]|=ZRI(Colonial

Pipeline)2 A OZ Q3] AdH o2 EHHXA °‘9&E}.

34) Department of Energy, U.S. Energy Sector Vulnerabilities to Climate Change and
Extreme Weather, 2013, 309,

35) https://www.ncdc.noaa.gov/billions/time-series (2015.11.20.)

36) IPCC, Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.

Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, 2013, 5-79.
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3 IEA, Skl A, 2012, 12-13%.

%) FALEAL =3 vlel,, 2015, 68%.

7187, TRtE 71 5Ws ARE A, 2012, 139,

40) Food and Agriculture Organization of United Nations, Freshwater Availability-

Precipitation and Internal Renewable Water Resources (IRWR), 2014 http://www.fao.org/nr/
water/aquastat/tables/WorldData-IRWR_eng.pdf (2015.10.12.)
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B, o] A3 FAd & tiHl FHed EY HIES VIFEOoE o] ol
25-60% TolH E 2EH2E WAl Q)&(Water stressed) =7}, 60-75% Abo]o]H
= F=(Water Scarcity) 57} 75% °©l’dol®d 47}g & HZ(Severe water scarcity)
el e Aoz Fash=t UNQ015)o W 2011d 71Eo2 A AA <l
T 40% oldel & F=5<S Adstal vk

ojg} A& & R AT U AAReE ofstE Zlojw EI3 4t A
Fgoll WE 25T HstE At B2 &8 AHlEHE §F &
=g 7H43E Aelth OECDw 3A-% A& HSHA &8 4% d+F 37 2
A AR A2 AAFERJ] & F87F oF 5% SUBNE T8 A4 AxY
Fopoll A 400%, 3FEEEA RO 140%, 7FE FEAA 130% 718 o=
AE) 205089 A AT AT 40% ol dol(AT Eoh 239 W U] B X))
A & H55 BT ZoE A8ttt

TA A 7| F(IEA)= 2012 MA VX A "(World Energy Outlook) X 3LA]
o] 17%llA AU A-E YA AE Water for Energy'2h= Al &0 2 ThFAL) 1EA
T Y As S 93 20109 A AANA HATH B2 58309mE (&M
H 5L 6609m) A HyFe] oF 15%0l sigch AR 7T N2 A
'_111
|

.I

AlY2] 2(New Policies Scenario)ol A QU+ ZF71el AA| A&} tjEo] sojdt
oAUA 85 FFAI717] Yl oAl Aiks 218l 20359 HAE 2 6,910
m, &89 B 1,2209mE 718 Aog AWstthed)

(3) A28 oA 32

M UHF 8YUE S UG FA Aol FEOEHS TeISA 8
T AR A%7PsR olgol AFHE Ao oUAE AT B o] 3l A
F FARNE GFGFE v1F B ozt oA ThA oUiA AzHelE TS

41) United Nations, The Millennium Development Goals Report, 2015 http://mdgs.un.org/
unsd/mdg/Resources/Static/Products/Progress2015/English2015.pdf (2015.10.12.)

42) http://www.oecd.org/env/indicators-modelling-outlooks/waterchapteroftheoecdenviro
nmentaloutlookto2050theconsequencesofinaction.htm (2015.12.1.)

NzZE& A A]‘%E]g_(New Policies Scenario)& o|UA| A2} AHE 7]E9 AW o}
Yz} 20128d S o arE AR e] oS JHHT AU eE o] AU StellA
20351 13 oA FEEFE 2010 Wil 35% S7181 17,197Mtoell ©]& ZlolH o
A 21471 B AAT B 25w AAGEY ol tiHl ¢oF 36T A AR A%
Skl QT (IEA, €9] A, 2012, 159).
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44) Greenpeace, Thirsty Coal: A Water Crisis Exacerbated, 2012. 1, 5-6™.
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o4 2] #2] % (Energy Information Administration, EIA)> H|= oUA| 7 4late]
vzl B BAE s 2Ashs VHoE He, AV, A, e 2
3, A7l & duAet dEE EE AEE oEH duAAEHC] FHEkE AR
% Form EIA-860 A%F ¥ YA HI14(Annual Electric Generator Report)<}
Form EIA-923 &34 %9 EIA|(Power Plant Operations Report)= & AE
Z71& B & ol&%ol tF FAE It Form EIA-8607F Form EIA-9232

%%j*éﬂl%a’m] IMW ol/delAuy Ao el AAE ml= o] WHLE
FoE HRE ?‘&EHS) Form EIA-860+ T AollA o] &dh= WA 2H &
= xga(»gﬂﬂEA g3t Y )T VIBHES Ak T B ALE
¥ ARE FHHA O}Lu}%) ¥ Form EIA-9239] 4% wid e WA, oy
A v, B 717 2 MR 25, o83 AR HE P FA 5 o
@ AR ool FIHOE Was WANHe g AuE SPT o B

o] z

=

=

S ddd AEs THdAe] By REs Agsh] f8 e T dEE
=E] =

= =

T, M, vl A 2 odlesHs 2o 250 A% 4

4 >
N
o o
‘Ejm
=

1

o
o
é .

T HFAAZATE F7F B ol8FE FEEE I RIAE 59
o2 wzislthas) oA AFd AAY 2010@0s 3

o] AMEF ol &FE zaﬂr—sﬁ, Hlol Al oAl Ak BE AAA oyA]
o] U% 83 AAE A A HAUATEA9)

45 Form EIA-923°] 74 x4 fox= LHAEoA A8E d8E BRashs Hude
Z$-ol= ©] Form EIA-923E A= skal Ut
EIA, Form EIA-923 Power Plant Operations Report Instructions, OMB No. 1905-0129.
n.d. http://www.eia.gov/survey/form/eia_923/instructions.pdf
EIA, Form EIA-860 Instructions Annual Electric Generator Report, OMB No.
2905-0129. n.d. https://www.eia.gov/survey/form/eia_860/instructions.pdf
46) EIA, Form EIA-860 Annual Electric Generator Report, OMB No. 1905-0129.
n.d.https://www.eia.gov/survey/form/eia_860/form.pdf
47) EIA, Form EIA-923 Power Plant Operations Report, OMB No. 1905-0129. n.d.
https://www.eia.gov/survey/form/eia_923/form.pdf
of HiAE F& &H, 7HFE, WHET, e, A, TR, FUETE, 39
ol tHoH 20109 & o] &Fe F43 * A3
THMaupin et al., 2] 3, 2014, 44-47H),
o mIAE WAL § )8l Y A ARE FUL A7} of
He ek o, FEES A7 s o8& HIRT N ARTF 23
D}—E FAE AYARL A5 f& X8 1960 ol E FE3] HRH, REEH & ol§
F AT SOIE 5 YT APPSR FAUF ol EdHel A Yo =
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2. A7 FF =F: v]5 E-o|vx] 7]< ¥ (Water-Energy Tech Team)

AR R 4bete] ARFASE AFAES Ad A 9 5t dUA-E YA 29 #
A8 gt A7 2 Y S5s FRHYAR VEY S ZEIOHEE oA
Hog Fgrjo] =2 9 BA 3t o] AFEo] HA3| FHEA Kt A
Aol AATE ol FA 2k gkt w¥& A AR FoA Hil 7], o]
H, 2dg, 84, A S5 wHst F287] 8 ol|AR Z Moniz

Irane E-o|#] 7]&E8(Water-Energy Tech Team, WETT)S 2515 A A5
o 20128 72 AAE"E WETT= AUAGF 4bsh ARRA 81 A4 ke =24 9l
FHYE ofvet thE FA 9} os|BAREAA o] ALY FLAS A o
E5S TPt Yrhso 7|2 o] AT @ Hrhso] AqUA-E A9 H-
3] AR ZZAE 7Fe] Ao} axAel 14:.131—/\10] Z35+S A3l o] A
< 8] W&ol olH3 sl 752 5 AATSD

WETT+ The Water-Energy Nexus: Challenges and Opportunities 24 E 24
skt WETT+= ©] BuA 2AES B8l =9 duAl-& dAxE Ao
Hrretal, 715wstet —rZP o] WEd} mf A EEo] gk IS Bk, &

oL

A uA B SR B R 7é7e,°ﬂ We Wee BT o RaAelA
WETTS o) o2 8 231 2] el AQ9ia B, 5
AL AN 9 A Bl o] SRAR Ao] 5 Tk aglow sl o

G B3etal gstEe] UAIRE o] oA 9 F ]"?i A Alelo] A z3}
(harmonization)E #13+ 713 =3 EATE A H3HATES2) o]HH w=2 oHA-
= A2 #-E AY7ITFE FF3HL o] olgrol thsl Bt A HUME

AL A& Atk Aok
3.8 A =9

20053 AAFHE oA A A H(Energy Policy Act)2] section 97904+ o]r] ol

FES AT & ek,

50) Department of Energy, The Water-Energy Nexus: Challenges and Opportunities, 2014, 3
H; http://www.energy.gov/water-energy-tech-team (2016.01.05.)

51) Benjamin K. Sovacool and Kelly E. Sovacool, %2 +=&, 2009, 368-370%.

52) Department of Energy, &2 &, 2014, v-xiii¥.
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29} A 7he] 71U BAE QA4S FotE 9k o] ¥ 2 ALY
A&7 s o] 8-S AT duiA] #E, R ouA] ALY ALTbed o8&
e A #e, o] F A #EE AW )3 2 B Tl AldEE 22
o] @7k o] section®] WEE T ol FA 1 FEE Ax, A dI] 9
Y Tol B3 WS TIsk ok =3 FH AY 213 oy ouAHE oY
AR 9 AYHR V)M AP Qe #E Z2aRe HrF 94 AdE e

HIME 3o AZFdof et o] Hk ouA| 9} Eo] FaAAAdE A4sta
T Ade] A&7Fsd ol&s AT texs FEsIAANE #A R&D el

N

l5= AFstA ot 1 A543 FAE AdTES)
2009 o] =2 oz & AT T H(Energy and Water Research Integration
Act of 2009)°] el l"—-JQ_T’_ ATEsH o] Wk Fardel E&Fola AlF

T Qo A&t A FEe BAS] S UARR stedg YA
71&, ovAl a&si4 7]% g RS e B AMES HAglela = ol&
HEES ol UiA & o8 AYES o]83=E At Atk =S o] Bt 7]
FHEN 7SS £ FE 2 YA ALk vAe ¥FE 13t & I39
o] a3 oAU} oA FFol BaF Eo Yigk olsfE MY AL AF
St Tk o] & o] W2 A1123] 2J3](2011-2013)M A= =AU o]F A

1133] 2]3](2013-2015)0 A% TA] wrelxo] =2]FQithss) E& o] gc&o
Mo 2 AAE A FAATE, o7 XEH ] =¥ Heke] Y82 FAIIAE0]
oA=& Yx 29 Fo8E At oo tigk tigatr] sl AFHoE =Y
skl S AARRHTL

ol9Jo| = AWlE AUz W & && WH(Smart Energy and Water Efficiency Act)

o}

53) Benjamin K. Sovacool and Kelly E. Sovacool, €2 &=, 2009, 3709.

54 2009 3€ 5Y AUl Bigaman¥ MurkowskiZ} ©] HokS drolslgict o] Hoke &}
4e 5345 F gy " AAAY Y3 (Committee on Energy and Natural
Resources)& H|ES o8 H 3] oAE FHATE 53 HAr|esd §1(C0mm1ttee
on Science and Technology)= FANGS ©2 HIUAME AP, o HAL 34
B33 & oz 2 A 3] (Committee on Energy and Natural Resources)oﬂ
AART  (https://www.congress.gov/1 11/crpt/hrpt344/CRPT-111hrpt344.pdf  (2015.12.22.)
https://www.congress.gov/bill/111th-congress/house-bill/3598/all-actions?q=%7B%22search%
22%3 A%5B%22%5C%22Energy+and+Water+Research+Integration+Act%5C%22%22%5D%
7D&resultIndex=3&overview=closed (2015.12.22.)
https://www.congress.gov/search?q=%7B%22source%22%3 A%?22legislation%22%2C%?22sear
ch%22%3 A%22%5C%22Energy%20and%20Water%20Research%20Integration%20Act%5C
%22%22%7D (2015.12.20.)
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56) o] Meke] A9 e 5l skl Z7rol A o] H ATHS.886, H.R.3143).
57 2015 ojMell= gAH o] WA AP ol R WX,

58) 2 AAl SAE o] FEol A7, 7Pi, 571 2 7lxd sFdem #7159 9l
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< 7153k JANL o] AEE FUIHL
AZF Aok T3 o] FAE 8% &3 oAU A|-A F
& sk tisiA= 7d<(virtual water)63) 7d-S 9]
g2l 7+ Aol "8l & YE5E WUEeE 9hH oy Ao tisiA e ddddE I

59 =AY FAL, TosdE A SN FIHEA,, 1999, 43441,
60) FZZAEA, 12014 A7 %‘Him, 2014, 539,

6 FadEEbd 12014 2GR XSS A G R IA, 2015, 4-458.
6) ZEWER oko] A 2013, 336-337H.

03) 7Hdre AlFE B AHlze] Akt gl by B2 Eo] E9E] (embedded) U=
AE e = /MELe2 Allan(1998)°] =UTH /MELo 2 T & 159 A4k 1,000
=2 =o] Za3 AME FE3 22 FF Aol a3 = o3 =9 ?‘HEMI
EFEol Jdom FF =4 79 A JPEeE 3 AdEHe a3 Uehg SE0l
U Fotzel7bd Fo] FEI AL AFE Aol e o] Eo] dad *J%% 2]
A Adete dAl e En & 58 2T 5 v FAsAT Foll o] 7
T I F840 dAHY FAAES dol AAHSE AL o] A=
AUAE HIET ThFgE EopollA] HEEF 3 THWang Young-doo, Lee Jaeseung,
Agbemabiese Lawrence, Zame Kenneth, “Virtual water management and the water-energy
nexus: A case study of three Mid-Atlantic states. Resources”, Conservation and
Recycling, Vol. 98, 2015, 76-84™).
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olgH T & FEolAMe duA ol&F A= AwVE TR FHHA
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Aot Juywt ogA] REoA e & o]&F AT HHLHE FEol AdH
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2. W71+ ¥

A= Azl thE =2= =, duxel 42 183 dAE 2 e 4
S X33l ANHA-=-2]7F YA 2x(Energy-Water-Food Nexus)oll gt =22
© FACItE IlollM s duA-E WAz ek =2 it o] Al Ak 3te]

To|EAel ek =7t 1% &dsitten oA dudt AAME, SldlMe Y
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<Abstract>

Sustainable Water and Energy Management
The Study of Laws and Policies in the U.S. and S. Korea from the Perspective of
the Energy-Water Nexus*

Kim, Ha-Na**

Energy and water are closely related, which is called energy-water nexus. The
availability of water resources would be aggravated due to climate change,
population increase, economy growth, incorrectly-designed energy policies, etc.
While this study recognizes the necessity to respond to this issue, this paper
identifies the concept of energy-water nexus, reviews energy-water-nexus-related
responses in the U.S., which leads this issue, analyzes domestic laws and
institutions, and recommends some enhancements.

The recognition of energy-water nexus was not found in domestic laws. Also,
any programs or organizations are absent, which can coordinate duplicate or
conflicted policy measures between different government departments. Furthermore,
the statistics that survey energy-water nexus in Korea are not being collected. The
information of currently available statistics is limited, and it is unclear who or
which department or office needs to collect and publish the statistics. In order to
more effectively respond to climate change including exacerbated water availability
and to manage and use energy and water in more comprehensive and sustainable
manner, it is required that the interdependence between these two resources is
reflected in laws and institutions; R&D regarding energy-water nexus needs to be
increased together with enhancement of the relevant statistics, so that implications to

policies can be suggested from the analysis of the current status.

Key words: Climate change, Water availability, Energy-water nexus,

Energy-water independence, Sustainable resource management
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